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Herbivore- 
induced VOCs 
are emitted 



From parts of damaged plants 
~v that are connected 
via the vascular system 
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VOC play various ecological roles in interactions between plants 

^ and 

pollinators^^/ 1 \ ^ herbivores 

pathogens . . , 

parasitoids 

Predators 




Three criteria for recognizing 
that plants communicate 
(Karban2008) 




1-Rapid response 



3-lntentional and benefical 



2-Be plastic 



3-Above ground signalin 




Rhoads(1983) 



• Increased resistance in Salix 

SltChenSIS i j) Attacked by tent caterpillars 




Baldwin and Schultz(1983) 




Increase level of defenses in Poplar and 

Ugar maple e Exposed to mechanically dama 
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Haukioja et al. 
(1985) 



Farmer and Ryan 
(1990) 




Bruin et al. 
(1992) 



Epirrita autumnata 



Tomato plant 
exposure to 
MeJA 





Reduced 
oviposition by 
herbivorous mites 
on cotton seedlings 
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Shulaev 
et al. 

(1997) 



Karban et al. 
(2000) 




MeSA 




Activates 
resistance against 
tabacco mosaic 
virus(TMV) 



Dolch and A , ... 

rschamtke (2000) Minus glutinosa 




Nicotiana attenuate/ 






Grown within 
15cm of 
sagebrush 



S Reduced herbivory by grasshoppers 
^Increased activity of polyphenol oxidase 

Produced more flowers and 
seedbearing capsules 
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Choh et al.(2006) Under laboratory conditions 



Kost and Heil(2006) Under natural conditions 
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^Attraction of natural enemis 

deduction of herbivore damage 

increased production of inflorescences 
and leaves 
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Baldwin et al.(2006) — Molecular techniques 



Better understanding the mechanisms of 
plant -plant communication 



Arimura et al.(2000) — >> cDNA microarray technology — Activates 227 genes in lima bean 

leaves 



Arimura et al.(2002) > Exposure of lima bean leaves to 




Tetranychus urticae 



Artificial wounding 




ACCoxidase and SAMsynthetase 
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Steps and variables of a successful 
mRNA quantification using real-time RT-PCR (1) 



tissue 
sample 



sampling 



RNA 



nucleic acid 
isolation 



cDNA 



RT 



PCR 



real-time PCR 
amplification 




Sampling method: 

Biopsy 

Fixed material 
Fresh blood 
Tissue storage 
Liquid Nitrogen 
RNA Later 
1 st extraction buffer 
RNA storage -80°C 
=> native RNA 



Extraction method: 

• total RNA 

• mRNA 

• microRNA 

• liquid-liquid 

• columns 

• Robot vs. hand made 

• RNA integrity: 

• Bioanalyzer 2100 

• Experion 

• Nano-Drop 

• mFold algorithm 



Efficiency of RT: 

• RT enzyme type 

• RT temperature 

• Primers: 

• poly-T Primer 

• Random-hexamers 

• Specific primer 

• Primer mixtures 

• one-step q RT-PCR 

• two-step RT-qPCR 



PCR Efficiency / Specificity: 

• Primer design 

• Primer specificity 

• Consensus Primer 

• mRNA abundance 

• RNA /cDNA input 

• Polymerase types 

• Polymerase Mixtures 

• PCR Inhibitors & Enhancers 

• Robot vs. hand made 
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PAL 
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4-Belowground signaling 



Bais et al.(2004) and Jarchow and Cook(2009 




Root exudates can have allelopathic effects 





inhibitory effects on germination or development 
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gure: Plant communicatior 



5-Volatile signaling within plants and among kin 
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1-that VOCs defend plants 


2-That VOCs have synergistic 


against biotic and abiotic 


effects on other types of 


stresses 


defenses 



Heil and 
Karban(2010) 



3-That VOCs play a role in 
within-plant signaling 



4-That VOCs play a role as 
between plant signals that 
evolve via kin or group 
selection 
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Karban et al.(2006) shio j' ri and Karban(2008) 

I i 

Branches of sage brush were exposed to volatiles Artemisia cana & A. douglasiana 
from neighboring clipped branches within a plant. i 






Increased induced resistance^ Systemic-induced resistance did not require 

— - — ____ voltile cues — 



6-Voltile cues from undamaged plants 



Settling by the bird cherry-oat aphid 



Reduced on Hrodeum vulgare 



I 



Exposure to volatiles from 
Crisium arvense or C vulgare 

(Glinwood etal.(2004)) 

i 

aphid Preference for acertainbarley 
cultivar was reduced 




7-CHEMISTRY of VOC emissions mediating plant-plant 

interactions 




❖Complex blends of many different compounds 

❖Composition can vary not only across plant 
species but also among genotypes 

❖ Blends are more similar within species than 
between species 



...... . w „ Come from variety of 

Plants frequently respond to individual VOC > > .. J . l J .. J . l 

biosynthetic pathways 

compounds 

Have diverse physiological and ecological 

functions 
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Several possible VOC elicitors of plant ethylene 
defenses have been suggested to be MeJA 
involved in plant-plant signaling 

MeSA 





VOCs K Between and within-plant communication > Are green leaf volatiles 



Lipoxygenase pathway Liolenicacid 




(Z)-3-hexenol 



(£)-2-hexenal 
(Z)-3-hexenyl acetate 



OH 



HC 

HC. 
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Green Leaf 
Volatiles 
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famesene caryophyllene humulene bergamotene 




Hgurc 2. Metabolic pathways leading to volatile omissions from herbivore damaged plants and exemplars structure of volatile 
components ( Pare & Tumlinson 1 >. 



(Z)-3-hexenol 



f£)-2-hexenal 



S Expression of defense genes in 
Arabidopsis thaliana 

S Ethylene synergizes with (z)-3-hexenol 
for enhanced VOC emissions in corn 
plants 




S Activates genes involved in plant 
defense in Arabidopsis 

S activates local and systemic VOC 
emission in tomato 



(Z)-3-hexenyl 
acetate 





-> Provide more reliable signals to receiving plants 



A. t ha liana * > monoterpenes 




Myrcene Changes in plant transcriptome 



Ocimene 



and induction of MeJA accumulation 



Two terpene VOCs induced by root herbivory 




(E)-B-caryophyllene-corn 



l,5-dimethylcyclodeca-l,5,7-triene-citrus 



Attract entomopathogenic nematodes 
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